There is a critical need for reliable and valid assessments of sexual behavior in epidemiologic studies of human immunodeficiency virus (HIV) and sexually transmitted disease (STD) transmission, because heterosexual transmission of HIV is the dominant route of infection. Information on sexual exposure and potential sexual risk factors for HIV transmission must be carefully evaluated to explore possible differential distortions in data gathered from HIV serodiscordant couples compared with HIV seroconcordant couples. Obtaining objective measures of sexual behavior other than by verbal reports is not feasible, and therefore assessment of the validity of self-reports is not possible. However, congruity of these self-reports from each member of the couple obtained independently should provide a measure of the reliability of these reports.
Several studies of populations in developed countries suggest that reliable sexual histories can be ascertained through interview (1, 2) . However, the majority of studies on the validity of self-reports about sexual behavior (3-7) have been done in homosexual men (8) (9) (10) (11) (12) or heterosexual couples in the United States (1, 2, 13, 14) . Few partner studies from the developing world have addressed the issue of partner concordance of sexual behavior. One notable exception is the report from rural Senegal (15) , which enrolled a small (n = 62) sample of married couples for a 5-week period to assess the reliability of inter-partner reports of sexual practices prospectively (16) . We describe here the results of a large (n = 529) prospective cohort study of HIV concordant and HTV discordant couples to determine the levels of agreement of reports of sexual behaviors which could be related to the heterosexual transmission of HIV.
de Boer et al.

MATERIALS AND METHODS
We identified and enrolled HIV-seropositive men who voluntarily donated blood either at the Maharaj Nahkorn Chiang Mai Hospital, the tertiary referral hospital for northern Thailand, or Lampang Provincial Hospital, northern Thailand, between March 1992 and June 1996. Of 2,880 men documented to be HTV infected (by duplicate enzyme-linked immunoadsorbent assay (ELISA) confirmed by Western blot), 1,484 (51.5 percent) responded to letters of invitation to return to the medical center for further information. Of the 1,484 respondents, 832 (56.1 percent) were eligible for enrollment, which included the following criteria: 1) a Thai national aged 18 years and older; 2) HIV seropositive; and 3) married (or living as husband and wife) or with a steady sexual partner who would consent to be interviewed and tested for HIV infection. Couples were excluded if the women had risk factors for HIV infection other than heterosexual contact with her husband, such as a history of work as a commercial sex worker (CSW), multiple sex partners, or injection drug use. A total of 559 couples (67.2 percent) consented to participate and enrolled in the study. Of these, 30 couples were excluded from the study because they did not meet the inclusion criteria during the baseline interview.
Men were instructed by letter to schedule an appointment for the couple with the study team, and partners presented at the research unit, where both the index male and female partner simultaneously received separate, confidential interviews on HIV risk factors and a pregnancy and contraceptive history. Following pretest counseling, blood was drawn for a serum specimen for HIV antibody testing. Specimens were tested for HIV antibodies using ELISA (Organon-Teknika, Durham, North Carolina); specimens that were reactive on two separate ELISA tests were confirmed by Western blot (Du Pont, Wilmington, Delaware). Couples were instructed to return for HIV test results within 2 weeks of the baseline visit. All couples were provided post-test counseling; referrals were made for medical care as indicated for HIV positive individuals. Discordant couples (i.e., the female partner was HTV seronegative) were enrolled in a prospective study to examine factors associated with HIV transmission and were asked to return for semiannual follow-up visits. The data available at the time of this analysis were for the 6-month follow-up. Of the 251 couples eligible for this visit as of June 30, 1996, a total of 103 couples (41 percent) returned to the clinic. Overall follow-up for either 6-or 12-month visits was 73 percent. Couples seen at 12 months, but not 6 months, or those who were not followed, did not significantly differ from the 103 couples who returned for the 6-month follow-up with respect to age, education, duration of marriage, or baseline sexual behavior.
To assess the reliability of self-reports of sexual behavior, we conducted baseline interviews (for all couples) and semi-annual follow-up interviews (for discordant couples) of risk factors for HIV transmission. The couples were independently interviewed by trained interviewers of the same sex in the Northern Thai dialect. The interview schedules contained questions about sociodemographic factors, medical history, hospitalizations, transfusions, symptoms of AIDS, STD history and treatment, and a detailed sexual history. The latter included information on the duration of the relationship, pregnancy history, age of sexual debut, current sexual relationship(s), sexual experiences in the past year, frequency of sexual intercourse, type of sexual activity at the last episode, condom use, and contraceptive history.
Couples were asked how long during the past 2 years they lived as husband and wife and how often they had sex during the past month. Length of cohabitation was recorded in absolute months and frequency of sex was recorded as a categorical variable. We also determined the frequency of sex during the periods when the couple lived apart during the prior year, in the minority of couples where this occurred. An absolute number of sexual events was thus created and derived from multiplying frequency of sex with the length of cohabitation. The absolute number of sexual events as reported by the wife was subtracted from the husband's report; couples in whom the absolute difference was greater than 25 percent relative to the wife's report were considered discrepant.
We compared demographic factors, including education, occupation, religion, and age for HIV concordant and discordant couples. We compared sexual risk factors for the two samples, using the chi-square test to guide interpretation of results for categorical variables and Mests for continuous data (17) . We used results from Wilcoxon's test to determine the differences between median values derived from continuous variables (17) . Kappa statistics (K) were used to determine agreement beyond what would be expected by chance between partners for categorical data. Following convention (18, 19) , we report four levels of agreement for kappa: <0.40 (poor), 0.40-0.59 (fair), 0.60-0.80 (good), and >0.80 (excellent). Percent positive agreement was used to supplement interpretation of Kappa statistics (20, 21) . The study sample was stratified on partner HTV concordance status, and kappa statistics on reported sexual histories and contraceptive practices were calculated separately for those couples. Variables for differences in the duration of cohabitation, reported number of sexual events, and recency of sex were created by subtracting the woman's report from the man's report; /-tests and Spearman's correlation coefficients were used to assess reliability of these continuous variables, taking into account that correlations indicate proportional rather than exact agreement.
Logistic regression analysis (17) was used to assess the relationship of selected dependent factors on partner agreement for frequency of vaginal intercourse, condom use, and recency of last intercourse. Partners were classified into categories of agreement/disagreement based on the difference of absolute frequency of reported vaginal intercourse in the past 2 years as described above. Couples were categorized by the use of condoms into agreement based on never/ever use in the past year.
Discrepancy in reports of recency of sexual intercourse were categorized based on absolute differences in partner reports and defined in two ways. Couples whose reports differed by ^3 days were considered discrepant; another definition of discrepant reports included those for whom the most recent sex differed by ^8 days. The latter definition was created to allow for some latitude in retrospective reports to reduce bias in results favoring more recent reports. HIV status of the female partner, age of both partners, duration of relationship, self-reported lifetime history of any STD, education, and differences in educational levels and age between the husband and the wife were used as independent variables in all models.
RESULTS
Of the 529 study women, 46 percent were HIV positive at enrollment. Among seropositive males, both those with HIV-positive and HIV-negative partners had a median age of 29 years (table 1) . HIVnegative women had a median age of 26 years; HIVpositive women had a median age of 27 years. Virtually all of the study participants had the minimum education (6 years) required by the Thai Ministry of Education. Most of the men and women were general or farm laborers; occupation did not vary by the HIV status of the woman. Virtually all respondents were Buddhist.
Cross-sectional results
The average duration of the current relationship was 4 years among HIV concordant couples and almost 5 years among HIV discordant couples; HTV discordant couples had comparatively better agreement on the length of partnerships than HIV concordant couples (r s -0.93 and 0.68, respectively). Approximately threefifths of men reported monogamy during the prior 2 years, while over 90 percent of their sexual partners reported no other partners (table 2). History of any STD was common; 75.6 percent of men in concordant relationships and 61.2 percent of men in discordant relationships reported at least one episode of STD (x 2 = 11.9, p < 0.0001). Similarly, HIV-positive women were more likely to report a history of any STD (28.1 percent) than HIV-negative women (13.7 percent) (X 2 = 16.7, p < 0.0001). Other possible HIV risk behaviors were uncommon in this population: injection drug use was rare, and hospitalizations and a history of blood transfusions were infrequent and did not differ by the HIV serostatus of the woman.
Age at first coitus was equivalent in men whose wives were HIV seropositive or seronegative, and age at sexual initiation was similar in their female partners. Reports of frequency of sexual intercourse in the past year were similar among HIV concordant and discordant couples, with both partners reporting a median frequency of two episodes per week. Exact agreement was seen for 37.1 percent of concordant couples and 52.1 percent of discordant couples, and agreement on sexual frequency within 25 percent of the partner's report was found for 60 percent and 68.1 percent, respectively; the correlation (r s ) between couple reports was 0.53 for concordant and 0.62 for discordant couples. The estimate of the total number of sexual intercourse events between the male and female was quite close. Among HIV discordant couples, women reported an average of 185 sexual events during the last 2 years, compared with men's report of 165 sexual events during the last 2 years (table 2) . HIV concordant wives and husbands reported an average of 206 and 186 sexual events, respectively, and were only slightly more discrepant in their reporting (t = 1.22, p = 0.11). Twenty-five percent of the wives reported a greater number of sexual events than their husband. Twenty-two percent of husbands likewise reported a greater number of sexual events than their wife. These differences did not vary by serostatus of the wife.
Condom use in the past year was uncommon in this sample; nearly two-thirds of the respondents reported no instance of using condoms during sex with each other. Only a few couples reported using condoms half the time or more often, and there was no difference by the HTV status of the female. Kappa coefficients for ever using condoms in the past year indicated fair to good consistency of these reports, 0.54 and 0.65, respectively, for concordant and discordant couples. The results of the multivariate analyses confirmed the findings of the univariate analyses (data not shown).
Comparisons of couple reports of time since last sexual intercourse determined at the baseline interview showed similar distributions among concordant and discordant couples (t = -0.41, p = 0.68) (figure 1). Females commonly reported that the last sex was more recent than did the males. The distribution shows a high level of agreement within couples. Agreement of the time since last sex within 3 days was found for 63.2 percent of concordant couples and 65.0 percent of discordant couples (x 2 = 0.15, p = 0.7). A somewhat higher proportion of concordant couples and 78.1 percent of discordant couples agreed with each other within 8 days (81.2 percent vs. 78.1 percent, respectively; x 2 = 0.7, p = 0.4). Adjustment for other risk factors in multivariate analysis did not change any relationships. Table 3 compares partner responses for self-reports of sexual acts during the prior year. Overall, there is complete agreement for both concordant and discordant couples for any occurrence of vaginal intercourse. Only 32 individuals (11 in concordant relationships and 21 in discordant) reported anal intercourse during the prior year. While the percent agreement is high for both oral and anal intercourse, the kappa statistics are low. Condom use in the prior year showed fair to good agreement in couples, and the level of agreement was similar for HIV concordant and discordant couples. Again, multivariate analysis showed no statistically significant factors.
Overall, agreement on contraceptive use was good to excellent for both HIV concordant and discordant couples (table 4) . Positive agreement on use of any method of contraception in the past year was 88 percent for HIV concordant couples, and 91 percent for discordant couples; kappas were fair, 0.46 and 0.47, respectively. Specific contraceptive techniques that were used by more than 5 percent of the couples generally showed good agreement: oral contraceptives, injectable hormones and insertable hormonal use showed good to excellent agreement, while there was little agreement on rarely used methods (spermicides and withdrawal) and only fair agreement on condom use. There were no differences in the level of agreement between the partners by couple HIV serostatus. Table 5 shows the level of agreement between HIV discordant couples at the 6-month follow-up interview. As was seen for the baseline assessment, there was good agreement among couples for any occurrence of vaginal intercourse in the prior 6 months; however, only 12 respondents reported oral sex, and there were no reports of anal intercourse. While the percent agreement was excellent for condom use, the essentially null values for the kappa statistics is a function of a very low prevalence. However, consistency of couple reports of usual contraceptive techniques was good to excellent, with only withdrawal seen to have poor agreement; this behavior was rarely reported by couples.
Longitudinal results
The mean number of sexual events reported during the 6 months prior to interview was similar among the men (40.5) and the women (41.0). However, the numbers of sexual events reported by gender were not highly correlated (r s = 0.48), and only 28.3 percent of the couples had complete agreement. The frequency of sex, once the couple was tested for HIV and notified of the results and counseled, decreased by over 50 percent compared with the frequency reported at baseline. Reporting of the most recent sex was similar to that seen in the cross-sectional study, where female reports were also commonly more recent than the males. Agreement within 3 days was 64.2 percent and agreement within 7 days was 77.4 percent.
DISCUSSION
Epidemiologic studies of the heterosexual transmission of HIV, which accounts for over 90 percent of HIV infections worldwide (22) , depend on accurate self-reports of sexual behavior. Such self-reports may be subject to considerable bias when collected by interview. One attempt to quantify the extent of bias to improve epidemiologic inferences has been through individually interviewing sexually active couples to determine the reliability of the self-reports given by each partner separately. There are no other ethical or practical methods for obtaining non-intrusive, objective assessments of sexual behavior.
The literature on the reliability of self-reports in HIV discordant couples has reported fair to good agreement for ever using a condom (1, 13) and for number of sexual contacts. Partner agreement on anal sex was limited in our study due to the very low prevalence of this behavior, as has been reported elsewhere (13) . One of the few reports from the developing world, a study of married couples in rural Senegal (15) , found overreporting of retrospectively gathered sexual frequency compared with weekly prospective interviews. Bias in reports of sexual activities has been shown to increase with longer duration between the behavior and the time of the interview (14) . A recent study from the Rakai district in rural Uganda (23) reported marked differences in partner reports of condom use among both HIV discordant and concordant couples, although partner-specific data were not reported.
Frequency of intercourse over the past year can be reliably estimated for both HIV concordant and discordant couples by interviewing both partners separately. This finding has implications for modeling transmission dynamics of HIV infection in developing world settings where the epidemiology of HIV is currently being studied. In addition to the methods used, more precise methods for the prospective determination of coital frequency may be useful in conducting epidemiologic studies, such as coital logs (24) or retrospective calendars (2, 14) . Although there was no systematic distortion in the reports of sexual frequency by gender or HIV status, the mean and median number of sexual events reported by the men was slightly lower than reported by the women. However, nearly a quarter of the men and a quarter of the women reported higher frequencies of intercourse than did their partner in both concordant and discordant couples.
Condoms were rarely used by the married couples in our study. This low use influences the calculation of the kappa statistic, and may be in part due to some random bias in reporting. In Thailand, use of condoms in commercial sex encounters is very high and is accepted by clients (25, 26) although condom use in marriage is very low (27, 28) . The relatively poor levels of agreement'reported here may thus reflect the influence of low prevalence of condom use on the calculation of the kappa statistic, as well as socially desirable reporting by some members of the study sample.
Frequency of condom use during vaginal intercourse determined retrospectively showed an acceptable level of reliability for the prevalence (crosssectional) analysis. Reliability when condoms were used as a method of family planning was similar, although the prevalence of condom use in the context of family planning was lower than the report for unspecified use, approximately one-fifth compared with one-third of the couples. In the prospective component of the study, which investigated risk factors for HIV transmission among discordant couples, partner agreement was nearly complete for the frequency of condom use during intercourse. There was an increase in condom use and a decreased frequency of intercourse after counseling at the time of enrollment in the study. However, agreement on condom use as a method of birth control did not improve. This suggests that investigations of incident HIV infection should ascertain the reasons for condom use when assessing the role of sexual behavior in HTV transmission dynamics. Specificity of questioning, for example, eliciting condom use as a method of contraception rather than condom use in general during vaginal intercourse, may yield varying results.
There was relatively good agreement in both concordant and discordant couples with respect to time since last intercourse. While there were some discrepancies noted in partner reports, the distributions were essentially equivalent by gender and HIV serostatus. Reports of recent sexual behaviors have been shown to be more reliable than more remote activity, both for frequency of sexual activity and condom use (14) . Thus, there may be considerable bias in estimates of sexual behavior based on long-term recall, such as frequency of specific acts in the past year. One would expect better agreement on general questions (such as ever condom use or usual frequency of intercourse per month) than recall of specific behaviors during a specified period of time (14) .
While reliability of reports among sexually active partners is an imperfect surrogate for validity, it does provide an estimate of the consistency of reports, which is a necessary precondition for determining validity (29) . Agreement between couples may not indicate valid results, only that the two partners are giving the same answers. Disagreement among couples on key sexual behaviors for HIV transmission, however, indicates both a lack of reliability and validity. Determining the risk factors for the heterosexual transmission of HIV is highly dependent on fallible, self-reported data. Efforts to improve the reliability of self-reports of socially stigmatized or embarrassing behaviors are needed in interview situations to improve the ascertainment of sexual behaviors and their role in heterosexual HIV transmission. Because our study was designed to evaluate the sexual behavior and other risk factors in the heterosexual transmission of HIV from infected males to their regular female partners, the high degree of concordance overall of the reports of sexual activity and contraceptive use between partners is encouraging. Studies of the reliability of reports of sexual behavior in other populations could find lower or higher levels of agreement.
Therefore, additional studies of this type are urgently needed.
